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CHAPTER I 



INTRODUCTION 

For the past 20 years, many states have been aware of the need for the 
rehabilitation of old asphaltic roads. It has been known that the materi- 
als in place, aggregate and asphalt, were free and reusable but the cost of 
removing and replacing was considered marginal in starting anew. Conse- 
quently the materials were merely pushed aside or hauled away. 

However, the current inflation in cost of construction materials, pri- 
marily as a result of the recent energy crisis and aggregate shortages, has 
driven the cost of hot mix asphalt concerete and associated asphalt pave- 
ment components to phenomena] prices. This situation has forced many pave- 
ment engineers to consider the alternative of recycling the aging and 
brittle pavements. 



HISTORY 

Recycling technology is not new. The use of asphalt rejuvenators for 
early stages of pavement distress is well established, and successful ex- 
periences with them are recorded in technical literature and pat- 
ents* Early approaches to reclaiming pavements 

were directed towards reconstituting the physical condition of a mix to 
make it mechanically workable. 

The first time a combined physical and chemical approach to reclaim- 
ing asphalt was used, which takes the performance and aging into account, 

1,4,5,7,10 

was reported by Rostler and co-workers. 



CURRENT PROGRESS 



In recent years it has been demonstrated that recycling is 
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economically feasible and desirable. A wide variety of recycling ap- 
proaches have emerged since the 1930 f s. Categorization of recycling 
approaches is usually based on 1) the recycling procedure utilized, 2) the 
type of paving materials to be recycled and the end products they are to 
produce or 3) the pavement structural benefit to be gained from the recycl- 
ing approach. Each of these categories has its own merit in describing the 
purpose and applicability of a given type of recycling. 

Definitions for these categories of recycling have been discussed by 

the Federal Highway Administration Demonstration Project No. 39 Technical 

12 

Advisory Committee. The definitions presented below are based on these 
discussions together with those of the NCHRP Synthesis Panel Members. 

Surface Recycling : Rework of the surface of a pavement to a depth of 

less than about one inch by heater-planer, heater-scarifier hot planing or 
cold planing devices. This operation is a continuous, single pass, multi- 
step process which may involve the use of new materials including aggre- 
gate, additives and/or mixtures. 

As recycling is practiced to a greater extent, equipment manufacturers 
will develop new machines especially designed for surface recycling, which 

will reduce construction costs to a minimum. Advertisements for this type 

, . , „ . . , . - 13,14,15,16 

of equipment are already appearing m trade journals. 

In-Place Surface and Base Recycling : In-place pulverization to a 

depth greater than about one inch followed by reshaping and compaction. 

This operation may be performed with or without the addition of an additive 
or heat. 

Typical of this category of recycling is a project completed in 1975 
by the Texas Highway Department"^ where the operation and reference to the 
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equipment used are described in detail. 

Central Plant Recycling : Scarification of the pavement material, re- 

moval of the pavement from the roadway after or prior to pulverization, 
processing of material with or without the addition of an additive followed 
by laydown and compaction to desired grade. This operation may involve the 
addition of heat depending upon the type of material recycled and the ad- 
ditive utlized. 

A description of a recycling procedure typical of this category is 

18 

contained in a recent paper by Dunning, Mendenhall and Tischer. 

CURRENT RESEARCH 

Advancements in the mechanics of recycling an aged pavement have led 
to research efforts directed primarily at understanding the parameters in- 
volved in restoring an aged pavement to a condition equivalent to one 

13 

produced with virgin materials. Although routine design procedures have 
been suggested and utilized for converting a deteriorated pavement into a 
workable durable mix, little data are available as to the expected perform- 
ance of these recycled materials. 

It is the objective of this research to 1) utilize a practical labora- 
tory test system for evaluating the performance of recycled asphalt pave- 
ment, and 2) evaluate the results for possible correlation with current 
design concepts for the recycling of deteriorated asphalt pavements utiliz- 
ing the addition of rejuventaing agents. 



CHAPTER 2 



MATERIALS 

In February 1977 approximately 250 pounds of aged asphalt concrete 
pavement was removed from three locations on 87th Avenue N.E. in King Co., 
Washington. This site was selected because the pavement had been in serv- 
ice for approximately 15 years and was believed to be representative of 
one of the most extreme cases to be encountered in practice. 

AGED PAVEMENT 

In the laboratory the old pavement was crushed utilizing a six inch 
jaw crusher adjusted to a maximum jaw opening of one inch. After crush- 
ing, material from each of the three locations was screened to determine if 
the graduation of the crushed material varied with the different locations. 
As may be seen in Figure 1, the gradation of the crushed pavement remained 
fairly consistent. The average gradation of the crushed samples are pre- 
sented in Table 1. 

ASPHALT 

A sample of the aged pavement was sent to Texas A & M University for 
laboratory analysis of the asphalt cement properties. The results of 
standard tests on the asphalt are presented in Table 2. 

AGGREGATE 

A sieve analysis was conducted on the mineral aggregate recovered from 
hot solvent extractions. As may be seen in Table 3, the results of the 
sieve analysis indicated that the average gradation of the mineral aggregate 
in the pavement mixture was generally within the specification limits of 
the Washington Class B gradation requirements. 
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When the average gradation of the mininal aggregate was plotted on a 
gradation chart with the sieve sizes raised to 0.45 power it was noted that 
the mixture was "fine graded" when compared with Fuller’s modified maxi- 
mum density reference curve for asphalt mixtures. So as to reduce the 
number of variables it was considered necessary to control the gradation 
and density of the specimen mixture. Therefore it was determined that an 
additional 214 grams of appropriately graded aggregate, Table 4, would be 
added to each specimen mixture to achieve a specimen gradation that would 
more closely conform to the modified maximum density curve for asphalt 
mixtures and allow the asphalt film to surround each particle of aggregate 
without producing an unstable mixture. The average gradation, the modified 
maximum density curve and the final aggregate gradation to be utilized in 
laboratory specimens is contained in Figure 2. The aggregate added to the 
specimens was considered to be equivalent to the original aggregate used in 
the pavement mix. 

ASPHALT REJUVENATING AGENTS 

Asphalts are fractionated into two subdivisions, asphaltenes and 
maltenes. The function of the asphaltenes is to serve as a bodying agent. 
Maltenes is the collective name for the remainder of the bitumen material 
left after precipitation of the asphaltenes. Asphalt is the cementing 
agent in asphalt pavement. It represents the component that experiences 
premature hardening as a result of oxidation. During the process of weath- 
ering or oxidation, the ratio of maltenes to asphaltenes is reduced with 
the result being a dry and brittle pavement. If a rejuvenating agent is 
to be successful, it must contain sufficient maltenes fractions of asphalt 
in order to improve and restore the maltenes to asphaltenes ratio. 
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The rejuvenating agents selected for use in this research are as 
follows : 

1. Paxole 1009 

Viscosity at 140° F. 225 cp. 

2. Reclaraite, Cyclepave 

Viscosity at 140°F. 110 cp. 

These commercial rejuvenating agents are composed of a petroleum res- 
in-oil base and have a record of satisfactory service as an asphalt re- 
juvenating agent; such satisfactory service being based on the capability 
of the material to increase the ductility and penetration and lower the 
viscosity of the asphalt binder in the pavement. 



CHAPTER III 



RESEARCH APPROACH 

REJUVENATING AGED ASPHALT CONCRETE PAVEMENT 

It has been shown that a reasonable measure of the effect of a 
rejuvenating agent on an aged asphalt can be had by observing the change in 
viscosity and penetration effected by addition of increasing amounts of re- 
claiming agents. There is some indication that the viscosity of treated 

asphalt is a better indicator of the rejuvenating effect than the penetra- 

20 

tion test. 

It has also been demonstrated that the asphalt viscosity at 140°F. is 
dependent on the concentration and consistency of the rejuvenating agent 
and a plot of the viscosity of asphalt at 140°F. versus percent rejuvena- 
ting agent on semilog graph paper exhibits a straight line relation- 
ship. Qn t Y\±s basis that the amounts of rejuvenating agent were 

selected for testing purposes. 

The viscosity blend chart in Figure 3 assumes the linear relationship 
of viscosity versus percent rejuvenating agent and shows the change in 
asphalt viscosity at 140°F. effected by addition of increasing amounts of 
various rejuvenating agents to the asphalt. It is clear that when the 
viscosity of the aged asphalt is high in relation to that of the rejuvena- 
ting agents, the viscosity of the mixture is extremely sensitive to the 
amount and consistency of rejuvenating agent present in the mixture. It 
is equally clear that rejuvenating agents of higher viscosity will permit 
considerably more flexibility in the amount of agent which can be added 
to the mix. 

As shown in Figure 3, the viscosity of the aged asphalt and the 
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viscosity of the selected rejuvenating agent are plotted to determine the 
amount of rejuvenating agent required in the blend to achieve asphalt 

viscosities in the range of paving grade asphalt, i.e. AR - 1000 

AR-16000. 

After determining the boundaries within which the viscosities of re- 
juvenated asphalt were similar to the viscosities of paving grade asphalt, 
laboratory specimens were fabricated containing the material quantities 
calculated in Table 5, wherein the amount of rejuvenating agent was increas- 
ed from 0.0% to 1.5% of total mix in increments of 0.5%. Specimens were 
also fabricated using a standard AR-4000 and AR-2000 paving grade asphalt 
to provide a basis for comparison subsequent to conditioning and mechanical 
testing. 

PERFORMANCE FACTORS 

Although the addition of rejuvenating agents to aged and brittle 
asphalt has shown favorable results towards reconstituting the physical 
conditions of a mix, little data is available as to the expected performance 
of the recycled mixture. 

Highway pavement performance relies to a large degree on the phenome- 
non of adhesion between asphalt cement and aggregate particles. The per- 
formance is influenced by many factors, such as asphalt characteristics, 
aggregate properties, mix design, construction procedures, environmental 
conditions, and traffic. The vast amount of field experience indicates that 
the presence of moisture in combination with the other factors is most 
critical with regard to pavement performance and the related phenomenon of 
adhesion between the asphalt cement and the aggregate particles. Therefore, 
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in order to measure the performance of recycled asphalt concrete pave- 
ments it was necessary to adopt a laboratory testing system that would 
subject laboratory specimens to about the worst moisture condition that 
could exist in the field. Inasmuch as pavement design is based at least 
partly on worst condition, it would then be reasonable to obtain mechanical 
properties of a uniform mixture containing varied amounts of rejuvenating 
agent at selected stages of accelerated conditioning. 

SPECIMEN CONDITIONING 

R. P. Lottman, University of Idaho, developed a practical laboratory 

test system for quantitatively predicting magnitude and rate of moisture 

damage in asphalt concrete to simulate field conditions using accelerated 

21 

test conditioning. The test system utilized vacuum submerged saturation 
for water intrusion into laboratory specimens, followed by a moisture con- 
ditioning procedure for specimens using several freeze-thaw thermal cycles. 

22 23 

Previous work in Idaho by Lottman, 5 showed that a temperature cycle 
ranging from 0° to 120°F. (-18° to 49°C.), when repeated 18 times on satu- 
rated asphalt concrete specimens, will produce stripping damage in the mix, 
similar to the damage experienced in the field. Based on this work and 
findings these temperature extremes were selected for use in conditioning 
the specimens fabricated for testing under this research. The number of 
freeze-thaw cycles, however, was reduced from 18 to 12 since the overall 
effect on conditioning was not considered significant due to the reduction. 

In progressing from laboratory experiments to field operations involv- 
ing mixing of reclaiming agents with asphalts, it should be kept in mind 
that certain reactions take place which are governed by time, temperature 
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and degree of mixing. The fluxing of asphalt contained in an asphalt- 
aggregate mixture with a rejuvenating agent is a physico-chemical 
phenomenon. Fluxing of two ingredients, asphalt and reclaiming agent, 
is easily accomplished in the laboratory by means of heating and mixing in 
a matter of minutes. In order to gain an understanding of the fluxing 
process, a duplicate group of specimens were also fabricated and placed in 
an oven at 140°F. and held for increasing periods of time. At the end of 
selected time intervals, the specimens were subjected to mechanical testing 
similar to the specimens that underwent thermal cycle accelerated con- 
ditioning. 

PERFORMANCE EVALUATION 

In order to evaluate the performance of the recycled asphalt concrete 
specimens, it was decided that the nondestructive resilient modulus (M^) 

24 

test reported by Schmidt would be used to study the changes in strength. 

The theoretical basis for this test has been shown by mathematical analy-* 

25 26 

sis * (assuming plane stress) that a uniform compressive load applied 

perpendicular to the horizontal diametral plane of a thin disk gives rise 

to a uniform tensile stress over the vertical diametral plane containing the 

25 

applied load. A simplified mathematical treatment was given by Frocht 

who supported his mathematics by photoelastic analyses of plastic disks. 

When this approach is applied to dynamically loaded disks or cylinders, 

it is possible to determine the elastic modulus of the material. This is 

accomplished by measuring the elastic deformation across the horizontal 

diameter resulting from the application of a load along the vertical 

27 

diameter. An expression for the elastic modulus, E, can be developed 
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as follows. 

25 

Frocht gives expressions for the stresses, ax and ay, across the 
diameter, d, perpendicular to the applied load, P. 

ax = [2P/TTtd (d 2 -4x 2 )/(d 2 +4x 2 ] 2 
ay = -2P/7Ttd [4d 4 /(d 2 +4x 2 ) 2 -1] 

where t is the thickness of the disks, and x is the distance from the origin 
along the abscissa. A typical distribution of these stresses is shown in 
Figure 4. Assuming plane stress and elastic behavior, the expression for 
the strain, ex, across the diameter is 

ex = 1/E [ax — v (ay + az)] 
where v is the Poisson 1 s ratio. 



By substituting in the preceding expression for ax and ay, the follow- 
ing expression is derived 

Cx = 2P/E7Ttd [4d^v - 16d^ x ^)/(d^+4x^)^ + (1 - v) ] 

The total deformation is given by integrating the strain between 
+ d/2: 



d/2 



A = 



ex dx 

-d/2 

where A = total deformation across the specimen. 

By substituting for ex and integrating between the limits + d/2. 



A = P/tE [ (4 /it) + v -1] 
By substituting and solving for E, 



I 
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E = P( v + 0. 2732) /tA 



(Eq. 1) 



Therefore, if the horizontal deformation across a cylinder result- 
ing from an applied vertical load is known, the modulus of elasticity 
can be calculated. 

For purely elastic materials, Eq. 1 should apply for either static 
or dynamic loadings. For viscoelastic materials, such as asphalt concrete, 
Eq. 1 should apply reasonably well if the loading time is short enough so 
that viscous effects are small. Under short-duration dynamic loads on a 
viscoelastic material, the apparent Young's modulus, E, is frequently de- 
fined as the resilient modulus, M^, the material property useful to multi- 
layer elastic or finite element structural design methods. The testing 
procedure provides a means of determining the dynamic load, P, and the 
total deformation, A. These values are entered in Eq. 1, where is as- 
sumed equal to E. 

E^r ^ = P (v + 0.2732)/ tA 

A range of values for Poisson's ratio can be assumed without excessive 

error in the calculated M^. A value of 0.35 for v has been shown to be 

24 

reasonable for asphalt concrete specimens. The obtainable with this 
test would not only provide a basis for comparing the performance of speci- 
mens containing rejuvenated asphalt to specimens containing virgin paving 
grade asphalt but it would also permit the practical consequences of changes 
to M to be estimated using the multilayer elastic or finite element design 



method. 



CHAPTER IV 



TEST PROCEDURES 

In addition to summarizing the test procedures utilized for this re- 
search, information pertinent to the test procedure is included as a help 
in the understanding of the procedure. 

1. Preparation of Laboratory Specimens 

Laboratory specimens were fabricated by blending selected amounts of 
rejuvenating agents with appropriate amounts of crushed pavement and ad- 
ditional aggregate such that the total asphalt content, asphalt cement 
plus rejuvenating agent, and the aggregate weight and gradation would re- 
main reasonably uniform throughout all the test specimens. 

It should be noted that in order to maintain a reasonably constant 
asphalt content it was necessary to decrease the amount of crushed pavement, 
thereby decreasing the asphalt cement to allow for the addition of rejuve- 
nating agent. However, decreasing the amount of crushed pavement also re- 
sulted in a proportional decrease in the aggregate amount and a change in 
aggregate gradation. Therefore, a proportional increase in the amount of 
aggregate was required to adjust and maintain a reasonably constant aggre- 
gate gradation. 

Table 5 presents the required proportions of the salient components of 
each laboratory specimen necessary to achieve reasonable uniformity among 
the specimens. 

Prior to compaction, appropriate amounts of crushed pavement and addi- 
tional aggregate were heated in a 275° oven for one hour. During the last 
15 minutes of the period a specified amount of rejuvenating agent was 
placed in a closed container and heated in a water bath to approximately 



14 



200°F. At the end of one hour the rejuvenating agent was added to the 
crushed pavement and mixed thoroughly to insure that the rejuvenating 
agent was blended with the asphalt and that the additional aggregate was 
properly coated with asphalt cement. The mixture was then covered and 
placed back in the 275° oven for 30 minutes prior to compaction. 

Laboratory specimens were prepared in accordance with WSHD Test Method 
No. 702A utilizing the California Kneading Compactor. This method for pre- 
paration of test specimens is similar to ASTM Designation: D1561. The 

compactor foot pressure was reduced to 350 psi to minimize crushing of 
aggregate during compaction and a "leveling load" of 12,650 lbs. for a 
period of one minute was applied using a single plunger. All other proce- 
dures were standard for this method. Specimens were then allowed to cure 
at 73°F. for approximately two weeks prior to vacuum saturation. Table 6 
and 7 contain miscellaneous laboratory data on each group of specimens. 

2 . Vacuum Saturation 

Specimens were placed in a vacuum chamber filled with water. A vacuum 
was applied at 26-inch Hg for thirty minutes. The vacuum was removed and 
the specimens were allowed to remain submerged for thirty minutes. (Note: 
Dry weights, submerged weights, and surface dry weights can also be made 
before and after this procedure for purposes of calculating permeable voids 
and density). 

3. Thermal Cycle Accelerated Conditioning 

An automatic cycle air temperature chamber was used to produce this con- 
ditioning. Chamber air temperature was set at 0°F. and 120°F. , and the 
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cyclic timer was set for 4-hour intervals in tripping at 0°F. and at 120°F. 
In other words, a complete cycle of 0° - 120° - 0°F. was timed at eight 
hours; four hours per half cycle. Chamber characteristics showed less then 
thirty minutes for the air to reach 0°F. or 120°F. and therefore the air re- 
mained at 0°F. or 120°F. for slightly more than 3 1/2 hours. Under these 
conditions it has been found that specimens placed in the chamber would 
reach 0°F. or 120°F. in slightly over three hours, and would remain about 

r . u 21 

forty minutes at each temperature. 

Following vacuum saturation specimens were wrapped in plastic and placed 
in the cycle air temperature chamber. For this procedure, specimens were 
left surface moist and each covered separately and tightly with two layers 
of plastic film. This film was taped to each specimen. Each specimen was 
then placed in a plastic bag containing approximately 10 ml. of water. 

The bag was then sealed and the wrapped specimens were placed flat on the 
shelves of the cyclic air temperature chamber and the temperature cycling 
was started. 

Temperature cycling lasted four days (8 hours per cycle x 12 cycles) . 

To help insure an even distribution of moisture inside the specimen once a 
day the chamber was opened and the specimens were turned over. 

At the end of selected time intervals and at the conclusion of 12 
thermal cycles, the wrapped specimens were removed from the cycle air 
temperature chamber and prepared for mechanical testing. The objective of 
moisture conditioning was to saturate the laboratory specimens to bring out 
their lowest mechanical properties (moisture damage), and to produce 
laboratory specimens with moisture damage equivalent to that existing in 
highway pavements. This conditioning process has been shown to fulfill 
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these objectives. 

4 . Accelerated Conditioning at 140°F. 

Duplicate speciments were fabricated and placed in an oven at 140°F. 
and held for increasing periods of time. At the end of selected time 
invervals, the specimens were removed from the oven and prepared for 
mechanical testing. The purpose of the 140°F. conditioning was to gain an 
understanding of the physico-chemical phenomenon involved with fluxing 
asphalt contained in an asphalt-aggregate mixture with a rejuvenating 
agent and its effect on the mechanical properties of a specimen. 



5 . Mechanical Testing 

Mechanical testing to evaluate and predict the performance of recycled 

asphalt pavement consisted of performing a nondestructive resilient modulus 

(M^ test. This test is similar in some respects to the split tension 

tests used by Lottman for studying the influence of water on asphalt-treat- 
21 

ed mixtures. However, instead of testing to destruction to determine the 
tensile strength of the specimen, a light 0.1-second duration pulsing load 
is applied across one diameter of a cylindrical specimen while at the same 
time the resultant elastic deformation across the opposite diameter is measur- 
ed. The apparatus used for this test is illustrated in Figures 5 and 6. 

The Mr device was similar to one developed at the University of 
21 

Idaho. It consisted of an aluminum plate base with a piece of spring 
steel attached on two sides of the base and parallel to the long axis of the 
base loading block. Each piece of spring steel had two strain gauges 



cemented to it at the point of maximum moment near the fixed end. Figure 
6 shows the device used for measuring the horizontal deformation as it 
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appeared with a specimen in position. 

It should be noted that the specimens subjected to thermal cycle 
accelerated conditioning had small plates with pins cemented to opposite 
sides of the specimen. When the specimen was positioned in the M device 



between contact points affixed to the arms of the resilient modulus device. 

After positioning the specimen and device in the repetitive loading 
device a pulsating load was applied across the vertical diameter which re- 
sulted in a corresponding elastic deformation across the horizontal 
diameter. The output from the strain gauges due to the horizontal move- 
ments were amplified and recorded on a strip chart recorder. Figure 7 
shows a typical trace obtained on an asphalt concrete specimen. 

A load duration of 0.1 seconds repeated 20 times a minute was chosen 

because this loading corresponded to the duration used by a number of 
28 29 30 31 

investigators. 5 5 5 Their various studies included relating 



elastic design theory. A load duration of 0.1 seconds is considered 
typical of the load applied in the field by slow-moving traffic. Also 
nearly three second pauses between load applications permit substantially 
complete viscoelastic recovery of the specimen. The resilient modulus 



the pins fit into receiving slots in the arms of the M device. The 

R 



specimens subjected to accelerated conditioning at 1A0°F. were positioned 




behavior within the framework of multilayer 



test was conducted with the specimens at 73°F. 



CHAPTER V 



FINDINGS, INTERPRETATION AND APPRAISAL 



This research was initiated in an attempt to utilize a practical labor- 
atory test system for evaluating the performance of recycled asphalt pave- 
ment and to evaluate the results for possible correlation with current designs 
concepts for the recycling of deteriorated asphalt pavements utilizing the 
addition of rejuvenating agents. 

Some generally consistent trends have been observed which are illustrated 

in Figures 8 through 11. It appears significant that for nearly all the 

specimens in their original state there is an increase in resilient modulus, 

M^, as a result of an increase in the maximum stress. It should be noted, 

24 

however, that this trend is not consistent with the findings of Schmidt, 

Figure 12, wherein the of asphalt concrete specimens showed a slight 
decline with an increase in the maximum stress. The increase in ex- 
perienced with this testing could possibly be due to the initially low and 
subsequent densif ication of the specimen, the positioning of the specimens in 
device or changes in the value of Poisson’s ratio. It is interesting to 
note, however, that the relationship that does exist between the M and the 
maximum stress in most cases appears to exhibit straight line character- 
istics when plotted on a logarithmic scale. This uniformity would seem to 
indicate some validity in the relative values of obtained. 

Also notable is the difference between the of the specimens presented 
in Figures 8 and 9 and the group of duplicate specimens presented in Figures 
10 and 11. This difference can probably be attributed to the difference in 
the apparatus utilized for testing the resilient modulus. 
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It is recognized that the resilient modulus of all the specimens is 
unusually low. According to an independent test conducted at Texas A&M 
University the true resilient modulus of the specimens fabricated for this 
research is approximately twenty tines greater than the values obtained 
from the resilient modulus apparatus utilized in this research. Although 
the values presented herein represent values much lower than what could 
be expected, they do serve to indicate relative properties of the specimen and 
should be analyzed in a relative sense. If further research is to be con- 
ducted in this area, it is recommended that the resilient modulus testing 
device be modified to obtain more accurate results. Appendix A contains 
a discussion of the resilient modulus testing device utilized for this research 
along with suggested modifications to the apparatus. 



Mechanical Properties Subsequent to Thermal Cycle Accelerated Conditioning 

Plots of vs. thermal cycle exposure are shown in Figures 13 and 14 

for each set of specimens containing selected amounts of rejuvenating 

agent. It is noted that a significant reduction in is achieved during 

the first 3 cycles of f reeze-thaw. As shown in Figure 13 the Mj, in general 

continues to decrease in the specimens fabricated with standard AR2000 and 

AR4000 paving grade asphalt. The specimens containing selected amounts of 

rejuvenating agents, Figure 14, exhibit a general increase in after the 

initial 3 cycles of freeze-thaw. It has been found that the drop in 

obtained on vacuum saturated specimens is reversible when the water is 
24 

removed. The general increase in after 3 cycles of freeze-thaw could 
be due to the loss of moisture during testing at the end of 3 cycles com- 
bined with the rehabilitating effects of the rejuvenating agents present in 



the mixture. 
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The uniformity of the specimens is also worthy of comment. Although the 
designed asphalt content is 5.2% for each specimen it is likely that the 
actual asphalt content varies with the amount of asphalt cement present in 
the crushed pavement that is utilized in the recycling process. Control of 
the asphalt cement provided by the crushed pavement is difficult in the 
laboratory" and even more difficult in the field. It should also be noted 
that the percent air voids in the compacted specimens fall in a relatively 
low range from 1.6% to 2.8%. Therefore, the fluctuation in observed in 
this group of specimens after the first 3 cycles freeze-thaw could probably 
be the consequence not only of the varied asphalt content and low voids but 
also a consequence of a corresponding decrease in water intruded by the 
vacuum saturation. 

Figure 15 shows both the original dry and the 
tion and 3 cycles of thermal cycle accelerated conditioning. The is 
plotted against the theoretical viscosity of the asphalt which is obtained 
from the viscosity blend chart Figure 3. It should be noted that for speci- 
mens containing selected amounts of the rejuvenating agent the decrease in M^, 
as a result of vacuum saturation and thermal cycle accelerated conditioning, 
is comparable to the decrease in experienced by the specimens fabricated 
with standard AR2000 and AR400 paving grade asphalt. The results presented 
in Figure 15 are significant in that the performance of recycled asphalt pave- 
ments is comparable to the performance of standard asphalt pavement. 

A more accurate presentation of the foregoing relationship could be had 

by extracting the asphalt cement from each of the specimens to determine the 

actual viscosity of the asphalt contained in the specimens. However, the 

scope of testing and time limitations did not permit such a determination. 
Therefore the theoretical viscosities were utilized. 



after vacuum satura- 
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Mechanical Properties Subsequent to Accelerated Conditioning at 140 F 

Plots of vs. Hours of Exposure at 140°F are shown in Figures 16 and 

17 for each set of specimens. It appears significant that the specimens 

fabricated with standard AR2000 and AR4000 paving grade asphalt showed a 

gradual decline in M while the specimens fabricated with selected amounts of 

R 



rejuvenating agents showed a gradual decline in the for the first 



48 



hours of conditioning at 140 F and then exhibited a significant increase in 



V 

In analyzing the results of the accelerated conditioning at 140°F it is 
possible that the asphalt cement and rejuvenating agent continue to react 
within the specimen. As the exposure time at 140°F increases, the rehab- 
ilitating effect of the rejuvenating agent begins to decline and the 

asphalt cement once again begins to oxidize and the asphalt becomes harder. 

33 

Heukelom and Klomp showed that the stiffness or of asphalt concrete is 
proportional to the stiffness of the asphalt binder. This condition would 
explain the increase in M^. It is probable that the will increase when 
the asphalt reaches a limiting brittle state. The specimens fabricated with 
AR2000 and AR4000 paving grade asphalt appear to exhibit this effect. After 
48 hours of exposure at 140°F the declined appreciably. It is signi- 
ficant to note that aging of the recycled asphalt pavement specimen appears 
to have been delayed by the presence of rejuvenating agent in the mixtures. 
Particularly the specimens containing 1.5% rejuvenating agent. These 
specimens appear to maintain a lower asphalt viscosity for a longer period 
of time resulting in a lower than the other specimens where the asphalt 
cement appears to be hardening. 



CHAPTER VI 



CONCLUSION 

Current design concepts for the recycling of deteriorated asphalt pave- 
ments utilize the addition of rejuvenating agents to the aged and brittle 
pavement to produce an asphalt pavement mixture that exhibits properties 
equivalent to those of an asphalt concrete pavement containing standard 
paving grade asphalts. 

The results of this research indicate that the performance of recycled 
asphalt concrete pavements is comparable to the performance of standard 
asphalt concrete pavements. The performance in this research was measured 
effectively by the relative change in resilient modulus, M^. 

By utilizing the accelerated test conditioning it is possible to pre- 
dict the performance of recycled asphalt concrete pavement by comparing its 
performance to that of a standard asphalt concrete pavement. In this regard, 
recycled asphalt concrete specimens performed equally as well as specimens 
containing standard paving grade asphalt. 

Although the optimum asphalt content is not known for the mixture 
utilized in this research, the results presented indicate relative damage 
due to accelerated test conditioning. With additional research in this 
area it is considered feasible to determine the optimum asphalt content and 
minimum voids determination by using the accelerated test conditioning in 
order to minimize damage due to moisture and other environmental conditions. 

In completing this research, it is of some importance to question the 
reproducibility of the test results. The test data presented in this 
research were obtained from the average of two specimens representing each 
increment of rejuvenating agent content. In terms of statistical con- 
siderations, this is not totally adequate. This does not, however, 
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disqualify the test data presented herein. The data obtained appeared quite 
consistent considering the many uncertainties involved in the specimen pre- 
paration as well as the general heterogeneity of the material resulting from 
random distribution of the aggregate particles. 
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TABLE 1 

AVERAGE GRADATION OF AGED PAVEMENT 
SAMPLES AFTER CRUSHING 



Sieve 

Size 


Crushed 


Pavement 


(%) 

Retained 


(%) 

Passing 


3/4" 


19.2 


80.8 


1/2" 


18.9 


61.9 


3/8" 


15.0 


46.9 


if 4 


19.5 


27.4 


no 


13.2 


14.2 


no 


11.2 


3.2 


a so 


1.7 


1.5 


#200 


0.9 


0.6 
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TABLE 2 

TEST RESULTS ON ASPHALT CEMENT 



Test 


Result 


Extraction: Asphalt Content 


6.3% 


Penetration 


4°C (39°F) 200g - 60 sec 


4 


25°C (77°F) lOOg - 5 sec 


17 


Vicosity 


24°C (77°F) 


2.8 x 10 7 


60°C (140°F) 


21,528 


135°C (275°F) 


7.88 


R & B softening point 


60°c (140' 


Specific Gravity (Bulk) 


2.38 



poises 

poises 

poises 

F) 
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TABLE 3 

AVERAGE GRADATION OF AGGREGATE 
IN AGED PAVEMENT SAMPLES 





Aggregate 


Wash. Class B 


Sieve 

Size 


(%) 

Retained 


(%) 

Passing 


Specification 
% Passing 


3/4" 


0 


100 


100 


1/2" 


2.3 


97.7 


90-100 


3/8" 


8.7 


89.0 


75-90 


#4 


22.5 


66.5 


55-75 


#10 


18.7 


47.8 


32-48 


#40 


29.2 


18.6 


11-24 


#80 


11.3 


7.3 


6-15 


#200 


4.9 


2.4 


3-7 


- #200 


2.4 


0 


0-2 
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TABLE 4 

GRADATION OF ADDITIONAL AGGREGATE REQUIRED TO ACHIEVE 
MODIFIED MAXIMUM DENSITY FOR LABORATORY SPECIMENS 





A d d i t 


i o n a 1 A g 


g r e g a t e 


Sieve 

Size 


(%) 

Retained 


Weight 

(214g) 


(%) 

Passing 


3/4" 


0 


0 


100 


1/2" 


0 


0 


100 


3/8" 


25.2 


54.0 


74.8 


#4 


30.8 


65.8 


44.0 


#10 


36.9 


79.0 


7.1 


#40 


7.1 


15.2 


0 


#80 


0 


0 


0 


#200 


0 


0 


0 


- #200 


0 


0 

2l4g 


0 



DESIGNED COMPOSITION OF LABORATORY SPECIMENS 
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**Additional aggregate required to maintain aggregate quantity and gradation as a result of 
reduction in the amount of crushed pavement in the specimen. 
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TABLE 6 



LABORATORY DATA FOR ASPHALT CONCRETE SPECIMENS PRIOR 
TO THERMAL CYCLE ACCELERATED CONDITIONING 



Specimen 

No. 


Rejuvenating 

Agent 

(%) 


Specimen 
Height 
(in. ) 


Bulk 

SP. Gravity 


Density 

(PCF) 


Air 

Voids 

(%) 


AR2-A 


0 


2.5 


2.31 


144.1 


2.5 


AR2-B 


0 


2.5 


2.32 


144.8 


2.8 


AR4-A 


0 


2.6 


2.32 


144.8 


2.7 


AR4-B 


0 


2.6 


2.33 


145.4 


2.6 


1-A 


0 


2.5 


2.40 


149.8 


1.7 


1-B 


0 


2.5 


2.35 


146.6 


2.4 


2-A 


0.5 


2.5 


2.40 


149.8 


1.4 


2-B 


0.5 


2.5 


2.39 


149.1 


1.7 


3 -A 


1.0 


2.5 


2.39 


149.1 


1.9 


3-B 


1.0 


2.5 


2.38 


148.5 


2.1 


4-A 


1.5 


2.5 


2.37 


147.9 


2.2 


4-B 


1.5 


2.5 


2.37 


147.9 


2.1 


2-C 


0.5 


2.5 


2.40 


149.8 


1.4 


2-D 


0.5 


2.5 


2.40 


149.8 


1.3 


3-C 


1.0 


2.5 


2.39 


149.1 


1.7 


3-D 


1.0 


2.5 


2.40 


149.8 


1.6 


4-C 


1.5 


2.5 


2.38 


148.5 


2.2 


4-D 


1.5 


2.5 


2.37 


147.9 


2.2 



Note: Specimens AR2-A and B and Specimens AR4-A and B contain AR 2000 and 

AR 4000 paving grade asphalt respectively. 

Specimens 1-A and B contain reheated aged asphalt. 

Specimens 2, 3 and 4-A and B contain PAXOLE 1009 as rejuvenating agent. 

Specimens 2, 3 and 4-C and D contain RECLAMITE, Cyclepave as 
rejuvenating agent. 
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TABLE 7 



LABORATORY DATA FOR ASPHALT CONCRETE SPECIMENS PRIOR 
TO ACCELERATED CONDITIONING AT 140°F 





Rejuvenating 


Specimen 






Specimen 


Agent 


Height 


Bulk 


Density 


No. 


(%> 


(in. ) 


SP. Gravity 


(PCF) 


AR2-C 


0 


2.5 


2.27 


141.7 


AR2-D 


0 


2.6 


2.29 


142.9 


AR4-C 


0 


2.6 


2.31 


144.1 


AR4-D 


0 


2.6 


2.29 


142.9 


1-E 


0 


2.5 


2.44 


152.3 


1-F 


0 


2.5 


2.36 


147.1 


2-E 


0.5 


2.5 


2.38 


148.6 


2-F 


0.5 


2.5 


2.41 


150.1 


3-E 


1.0 


2.5 


2.40 


150.0 


3-F 


1.0 


2.5 


2.39 


149.2 


4-E 


1.5 


2.5 


2.39 


149.2 


4-F 


1.5 


2.5 


2.38 


148.5 


2-G 


0.5 


2.5 


2.42 


151.0 


2-H 


0.5 


2.5 


2.40 


149.7 


3-G 


1.0 


2.5 


2.40 


150.0 


3-H 


1.0 


2.5 


2.41 


150.6 


4-G 


1.5 


2.5 


2.36 


147.4 


4-H 


1.5 


2.5 


2.36 


147.4 


Note: Specimens 


AR2-C and D and Specimens AR4-C 


and D contain 


AR 2000 and 


AR 4000 paving grade asphalt 


respectively. 






Specimens 


l-E and F contain 


reheated aged 


asphalt. 





Specimens 2,3 and 4-E and F contain PASOLE 1009 rejuvenating agent. 

Specimens 2,3 and 4-G and H contain RECLAMITE, Cyclepave rejuvenat- 
ing agent. 
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FIGURE 1 Gradation of Aged Pavement Samples After Crushing 
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FIGURE 2 Aggregate Gradation for Laboratory Specimens 
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FIGURE 3 Viscosity Relationship of Aged Asphalt and 
'Rejuvenating Agents 



REJUVENATING AGENT VISCOSITY, 140F (POISES) 
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FIGURE 4 Theoretical Stress Distribution on Horizontal and 25 
Vertical Diametral Planes for Indirect Tensile Test. 
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FIGURE 5 Resilient Modulus Testing Apparatus 
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FIGURE 6 rtesilient Modulus Testing Device 
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FIGURE ? Typical Trace From Strip Chart Recorder 
For Diametral Measurement. 



Resilient Modulus (M^) 
73° F, psi, Thousands 




FIGURE 8 Original Resilient Modulus of Asphalt Concrete Specimens Subjected 
to Vacuum Saturation and Thermal Cycle Accelerated Conditioning 
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FIGURE 9 Original Resilient Modulus of Recycled Asphalt Concrete Specimens 
Subjected to Vacuum Saturation and Thermal Cycle Accelerated 
Conditioning 
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FIGURE 10 Original Resilient Modulus of Asphalt Concrete Specimens 
Subjected to Accelerated Conditioning at 140° F 
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FIGURE 13 Influence of Vacuum Saturation and Thermal Cycle Accelerated Conditioning 
on Resilient Modulus of Asphalt Concrete Specimens 
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Exposure, Freeze-Thaw Cycles 

FIGURE 14 Inlluence of Vacuum Saturation and Thermal Cycle Accelerated Conditioning 
on Resilient Rodulus of Recycled Asphalt Concrete Specimens 
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NOTEi Theoretical Viscosity obtained from FIG. 3 
Rej. Agent Theoretical Viscosity 
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FIGURE 16 Effect of Accelerated Conditioning at 140° F on the Resilient Modulus 
of Asphalt Concrete Specimens Containing Paving Grade Asphalt 
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APPENDIX A 



DISCUSSION OF THE RESILIENT MODULUS DEVICE 



All the resilient modulus tests were conducted utilizing the apparatus 
shown in Figures 5 and 6. The tests results obtained by utilizing this 
apparatus provided the data necessary to evaluate the relative changes 
in the resilient modulus of the specimens subjected to accelerated conti- 
tioning and also indicated some generally consistent trends in specimen 
performance. However, the resilient modulus values obtained by utilizing 
this apparatus proved to be much lower than what could normally be expected. 

It is suspected that the low values are a result of the strain gages 
sensing not only the strain produced by horizontal deformation of the 
specimen due to vertical loading but also a strain possibly produced by 
deflection of the base plate of the device along with eccentricity develop- 
ed from the slightest error in positioning the specimen in the device. 

In order to eliminate the unwanted strain it is suggested that the device 
utilized for measuring the horizontal deflection be isolated from the base 
plate and loading block. This isolation would prevent much of the unwanted 
strain and permit more flexibility in positioning the specimen. Positioning 
of the specimen in the device is extremely important. After using each 
of the methods shown in Figure 6, the contact points affixed to the arm 
of the device were considered more suitable for testing the asphalt 
concrete specimens. This method permits the operator to rotate or reposi- 
tion the specimen. 

As can be seen in Figure 7, the trace produced from the strip chart 



recorder indicated excess "noise" or interference. As a result of the 
interference the sensitivity settings on the amplifier and recorder were 
limited to a moderate range. More accurate deformation readings could be 
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achieved if the interference were eliminated. In an effort to eliminate 
the interference it is suggested than an electronic filter be installed 
on the equipment and the equipment be connected to a separate electrical 
circuit. 

Although the resilient modulus device utilized in this research has 
not yet been perfected, it does provide relative results and shows consider- 
able potential as a practical means for accurately measuring the horizon- 
tal deformation necessary to calculate the resilient modulus. Prior to 
future use of this device it is recommended that the equipment modifica- 
tions suggested in the foregoing discussion be given some considerations. 
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